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Summary  An  array  of  Gold  (Au)  schottky  contacts  have  been  deposited  on  RF  Sputtered
nanocrystalline  Zinc  Oxide  thin  ﬁlm.  A  systematic  analysis  on  the  electrical  parameters  of  the
Schottky diode  with  the  help  of  current—voltage  (I—V)  and  capacitance-voltage  (C—V) measure-
ments has  been  done,  which  conﬁrmed  its  excellent  rectifying  characteristics.  To  incorporate
the inﬂuence  of  series  resistance  in  the  determination  of  Schottky  diode  parameters  (barrierElectrical
characterization
height, ideality  factor  and  saturation  current),  Cheung’s  method  along  with  thermionic  emis-
sion model  has  also  used.  The  discrepancy  in  the  value  of  barrier  height  determined  from  C—V
characteristics  throws  light  into  the  presence  of  interface  states.
© 2016  Published  by  Elsevier  GmbH.  This  is  an  open  access  article  under  the  CC  BY-NC-ND  license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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he  distinct  properties  of  ZnO  such  as  large  band  gap
3.3  eV),  high  exciton  binding  energy  (60  meV),  good  chem-
cal  and  thermal  stability,  high  mobility  of  conducting
lectrons,  etc.,  makes  it  an  excellent  candidate  for  diverse
lectronic  devices  applications  like  gas  sensors,  lasers,  solar
ells,  photo  detectors,  LEDs,  nano-generators,  etc  (Neville
nd  Mead,  1970;  Tsiarapas  et  al.,  2014;  Yadav  et  al.,  2014).
nO  thin  ﬁlm  can  form  excellent  Schottky  or  rectifying  con-
act  with  high  work  function  noble  metals  like  Pt,  Au  and  Pd
 This article belongs to the special issue on Engineering and Mate-
ial Sciences.
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icenses/by-nc-nd/4.0/).nd  an  investigation  on  the  electrical  parameters  of  ZnO  thin
lm  Schottky  diodes  is  very  crucial  to  understand  the  con-
rollability  of  metal-semiconductor  contacts,  in  the  context
f  its  intensive  use  in  electronic  device  applications  (Neville
nd  Mead,  1970;  Tsiarapas  et  al.,  2014;  Yadav  et  al.,  2014;
ydogan  et  al.,  2009;  Periasamy  and  Chakrabarti,  2009,
011;  Sze,  1981).
The  ZnO  Schottky  contact  was  ﬁrst  published  by  Neville
nd  Mead  (1970). Yadav  et  al.  (2014)  reported  the  Pd
chottky  contact  on  ZnO  using  sol—gel  technique.  Aydogan
t  al.  (2009)  used  electro-deposition  technique  to  fabricate
u/n-ZnO  Schottky  diodes  on  n-type  silicon  substrate,  and
nvestigated  its  electrical  characteristics.  Periasamy  et  al.
as  studied  Pt  contact  on  ZnO  thin  ﬁlm  using  vacuum  evap-
ration  and  thermal  evaporation  technique  (Periasamy  and
hakrabarti,  2009,  2011).  We  have  fabricated  an  array  of  Au
chottky  contacts  on  RF  sputtered  ZnO  thin  ﬁlm  and  have
icle under the CC BY-NC-ND license (http://creativecommons.org/
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Table  1  Deposition  parameters.
Deposition  parameter  Value
Target  to  substrate  distance  12.5  cm
Vacuum  pressure  3.9  ×  10−6 Torr
Deposition  pressure  7.9  ×  10−3 Torr
RF power  100  W
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(Argon gas  concentration  50  sccm
Deposition  time 40  min
analyzed  Au/ZnO  Schottky  diode  parameters,  through  I—V
and  C—V  characterization,  which  can  be  a  potential  candi-
date  for  many  electron  device  applications.
Experimental
The  ZnO  thin  ﬁlm  was  deposited  on  n-Si  by  RF  sputtering
system  equipped  with  high  purity  ZnO  target  (99.99%  pure).
The  deposition  parameters  ﬁxed  during  thin  ﬁlm  deposition
is  given  in  Table  1.
The  deposited  ZnO  thin  ﬁlm  has  undergone  rapid  ther-
mal  annealing  at  450 ◦C  for  10  min.  Au  Schottky  diodes  were
then  fabricated  on  ZnO  thin  ﬁlm  by  E-beam  evaporation
technique,  whereas  ohmic  contact  is  realized  using  thermal
evaporation  of  Al  on  the  back  side  of  Silicon  substrate.  For-
ward  bias  and  reverse  bias  I—V  and  C—V  characteristics  were
obtained  by  Agilent  B1500A  semiconductor  device  analyzer.
Results and  discussions
I—V  characterization
Schematic  diagram  for  the  proposed  device,  used  for  I—V
characterization  is  shown  in  inset  of  Fig.  1(a),  whereas
Fig.  1(a)  shows  the  I—V  characteristics  for  Au/ZnO  Schottky
diode,  which  indicates  the  Schottky  nature  of  the  diode  with
rectiﬁcation  ratio  (IF/IR)  of  93.  We  have  analyzed  the  I—V
characteristics  of  the  proposed  Schottky  diode  using  con-
H
H
Figure  1  (a)  ln  I—V  characteristics  of  Au/ZnO  Schottky  diode,  in
substrate (b)  dv/dln  I  vs.  I  plot  and  H(I)  vs.  I  plot. silicon  substrate  67
entional  thermionic  emission  theory,  where  the  empiric
arameters  of  Schottky  diode,  like  ideality  factor  and  barrier
eight  are  assumed  to  be  independent  of  voltage.
The  I—V  relation  is  given  by  (1)  (Sze,  1981)
 ≈  I0
[
exp
(
q(V  −  IRs)
kT
)]
(1)
here  I0 is  the  saturation  current  given  by
0 =  AA*T2exp(−qb/kT),  q  is  the  electronic  charge,  b
s  the  effective  barrier  height  at  zero  bias,  V  is  the  applied
oltage,  A  is  the  diode  area,  A*  (32  cm2 K2) is  the  Richardson
onstant,  k  is  the  Boltzmann  constant  and    is  the  ideality
actor.
The  ideality  factor,  is  being  measured  using  the  slope
f  linear  region  of  I—V  characteristics,  using  the  relation
 =  (q/kT)(dV/dln(I)),  and  its  value  is  obtained  as  6.28.  The
arge  divergence  of  ideality  factor  from  the  ideal  value  1,
trongly  suggests  the  presence  of  interfacial  layer  between
etal  and  semiconductor,  current  conduction  mechanisms
ther  than  thermionic  emission,  like  tunnelling,  recombina-
ion,  etc.,  and  presence  of  barrier  inhomogeinities  (Aydogan
t  al.,  2009;  Sze,  1981).  The  intercept  of  ln  I—V  curve
t  the  y  axis  provides  the  value  of  saturation  current  as
.37  ×  10−10 A.  Effective  Barrier  height  of  the  Schottky  junc-
ion  is  found  to  be  0.804  eV.  It  is  to  be  noted  that  empiric
arameters  of  the  Schottky  diode  were  calculated  using
hermionic  emission  model,  from  the  low  voltage  region
linear  region)  of  current—voltage  characteristics  without
ncorporating  the  effect  of  series  resistance.  Cheung  has
erived  an  alternate  method  to  obtain  the  Schottky  diode
arameters,  incorporating  the  effect  of  series  resistance
Aydogan  et  al.,  2009).
Cheung’s  functions  can  be  given
dV
d(ln  I)
= kT
q
+ IRs (2)
( )
(I)  =  V  − kT
q
ln
I
AA∗T2
(3)
(I)  =  b +  IRs (4)
set  shows  schematic  diagram  of  Au/ZnO  Schottky  diode  on  Si
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Tigure  2  C—V  characteristics  of  Au/ZnO  Schottky  diode.
The  series  resistance  has  obtained  from  the  slope  of
v/d(ln  I)  curve  and  is  obtained  as  118  ,  where  as  the  Y  axis
ntercept  of  H(I)  vs.  I  curve  will  provide  the  barrier  height
ccording  to  (4)  and  is  obtained  as  0.61  eV.  The  relative  dif-
erence  between  the  value  of  barrier  heights  obtained  from
he  thermionic  emission  model  and  Cheung’s  method  sug-
ests  the  occurrence  of  series  resistance  and  interface  states
cross  metal  and  semiconductor.
—V  characterization
ig.  2  elucidates  the  C—V  characteristics  of  Au/n-ZnO  thin
lm  Schottky  diode  on  Si  substrate,  at  three  different
requencies.  It  is  clear  from  the  graph  that,  value  of  capac-
tance  reduces  with  the  rise  in  frequency.  This  can  be
onsidered  as  a  proof  for  the  existence  of  interface  states.
nterface  states,  will  yield  excess  capacitance  at  lower  fre-
uencies,  since  it  can  easily  follow  the  ac  signal  at  lower
requencies,  whereas  at  higher  frequencies,  ac  signal  cannot
e  easily  followed  by  charge  at  interface  states,  resulting
n  lower  capacitance  value  (Tsiarapas  et  al.,  2014;  Aydogan
t  al.,  2009;  Sze,  1981)
The  C—V  characteristics  can  be  investigated  by  using
−2—V  characteristics  of  the  diode  at  reverse  bias  and  the
orresponding  plot  at  various  frequencies  depicted  in  inset
f  Fig.  2.  The  depletion  layer  capacitance,  C  across  the
chottky  junction  can  be  expressed  as,
1 2(Vbi −  V  −  (kT/q))
C2
=
qεsε0A2Nd
(5)
here  Vbi is  the  built  in  potential,  εs the  dielectric  con-
tant  of  the  semiconductor  (9ε0 for  ZnO),  ε0 is  the  dielectric
YL.  Rajan  et  al.
onstant  of  vacuum(8.85  ×  10−12 F/m),  Nd is  the  concentra-
ion  of  ionized  donors  and  A  is  the  diode  area.  The  slope
f  C−2—V  curve,  will  provide  the  carrier  concentration,  Nd
sing  Eq.  (5)  and  found  to  be  2.13  ×  1015 cm−3.
onclusion
e  have  fabricated  Au  Schottky  diodes  on  RF  sputtered
nO  thin  ﬁlm  deposited  on  n-Silicon  substrate  and  inves-
igated  its  electrical  characteristics  through  I—V  and  C—V
haracterizations.  The  I—V  characteristics  shows  the  recti-
ying  nature  of  the  diode,  with  rectifying  ratio  of  93,  ideality
actor  of  ∼6,  barrier  height  of  0.804  eV  and  saturation  cur-
ent  of  1.37  ×  10−10 A,  which  were  obtained  by  assuming
hermionic  emission  model  of  the  Schottky  diode.  We  have
lso  calculated  the  diode  parameters  using  Cheung’s  method
ncorporating  the  effect  of  series  resistance.  The  C—V  mea-
urements  showed  decreasing  capacitance  with  increase
n  frequency,  which  was  due  to  the  presence  of  interface
tates.
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